The interaction in the chick gut between Streptococcus faecium and its phage was examined. In conventional chicks, large numbers of S. faecium and phage were found in the cecum and smaller numbers were found in the anterior gut. In gnotobiotic chicks associated with S. faecium SY1 and its phage, there was no marked effect on bacterial numbers, but resistance to the phage rapidly developed. Chickens. Chickens were all the progeny of Light Sussex hens crossed with Rhode Island Red cocks. They were fed a vegetable protein diet (APF) (10). Conventional chicks were reared in heated brooders with free access to food and water and a photoperiod of 14.h/day. Gnotobiotic chicks were reared in stainless-steel isolators, using the techniques previously described (5) except that the eggs were sterilized with peracetic acid (9). Administration of microorganisms. Soon after hatching, the gnotobiotic chicks were dosed per os with 0.1 ml of the appropriate culture containing ca. 108 colony-forming units of S. faecium or 108 plaqueforming units of phage. S. faecium was grown overnight at 37°C in yeast extract-glucose broth (YGB).
It has previously been shown that Streptococcus faecium and a fllterable agent present in chicken droppings are important causes of growth depression in chicks (8) . Subsequently, S. faecium bacteriophage was isolated from the droppings flltrate (Fuller, unpublished data) and it was of interest to know the way in which S. faecium and its phage interacted in the gut of chicks. In the present study, we followed the colonization of the gut by S. faecium and its bacteriophage in conventional and gnotobiotic chicks and also recorded the effect this had on the growth of the chicks.
MATERIALS AND METHODS
Bacteria. S. faecium strain SY1, used as the phage indicator strain, was isolated from our own chickens (8) . The strains used for determining the host range of the SY1 phage were as follows: from the National Collection of Dairy Organisms (NCDO) (8) .
Chickens. Chickens were all the progeny of Light Sussex hens crossed with Rhode Island Red cocks. They were fed a vegetable protein diet (APF) (10) . Conventional chicks were reared in heated brooders with free access to food and water and a photoperiod of 14.h/day. Gnotobiotic chicks were reared in stainless-steel isolators, using the techniques previously described (5) except that the eggs were sterilized with peracetic acid (9) . Administration of microorganisms. Soon after hatching, the gnotobiotic chicks were dosed per os with 0.1 ml of the appropriate culture containing ca. 108 colony-forming units of S. faecium or 108 plaqueforming units of phage. S. faecium was grown overnight at 37°C in yeast extract-glucose broth (YGB).
The SY1 phage suspension was prepared by inoculating YGB with S. faecium SYI and its phage, incubating at 37°C until clearing occurred (ca. 7 h), and filtering through a 0.45-ytm membrane.
Viable counts of S. faeciunm Samples taken from the crop, small intestine, and cecum were diluted in YGB, surface inoculated onto thallous acetate-tetrazolium-glucose agar (TlTg) medium (2) , and incubated at 37'C for 24 h. Samples from three birds were examined, and the geometric mean was taken. Resistance of SYI to phage. SY1 isolates from gnotobiotic chickens were tested as above using an SY1 phage preparation. Strain SY1 was used as a control to confirm the activity of the phage. If no plaques developed on the test isolates, they were considered to be resistant mutants.
Host range of SY1 phage. A collection of streptococci was tested as above for sensitivity to SY1 phage.
Origin of phage. The possibility that lytic phage in the gut may have originated from lysogenic strains of S. faecium was investigated by two techniques. Eleven SYI phage-resistant strains of S. faecium were examined, including five strains of SY1 from 14-dayold gnotobiotic birds and six strains of S. faecium from 11-day-old conventional birds. Strains SY1, CY1, 2CY1, and 2CT1 which were sensitive to SY1 phage were tested by the ultraviolet technique only.
Culture filtrates of the resistant strains were tested for plaque formation (see above) to detect the presence of SY1 phage generated by spontaneous lysis. Over-night cultures of S. faecium isolates in YGB were spun down, suspended in phosphate-buffered saline at pH 7.2 (NaCl, 8 .00 g/liter; K2HPO4, 1.21 g/liter; KH2PO4, 0.34 g/liter) (6) , and exposed to ultraviolet illumination (64 ergs/mM2 per s) for 5 s. Growth of treated and untreated control cultures was followed by observing the optical density on a spectrophotometer (Cecil Instruments Ltd.) at 600 nm. Induction of lysogenic phage was indicated by a fall in optical density due to lysis, whereas control cultures and noninduced cultures showed no such fall.
Electron microscopy. Specimens were mounted on carbon-coated copper grids and negatively stained, using 2% aqueous uranyl acetate.
Effect on chick growth. The procedure described by Harrison and Coates (10) was used.
RESULTS
In conventional birds the counts of S. faecium reached a peak at 2 to 3 days, declined, and then rose to a secondary peak at 7 to 10 days; the SY1 phage counts showed two similar peaks (Table  1) . Two replicate groups showed similar population trends, although in one group the secondary peak was less pronounced.
One of the phage isolates was selected and purified by replating three times. It formed clear plaques 1 to 2 mm in diameter. When examined by electron microscopy ( Fig. 1) The results obtained in the gnotobiotic chicks (Tables 2 and 3 ) colonized by S. faecium SY1 and its phage differed from those obtained with conventional chicks (Table 1 ). The two peaks of S. faecium and phage growth found in conventional birds were not detectable. The counts of S. faecium were higher in both groups of gnotobiotic chicks than in conventional birds. The high counts developed quickly and persisted throughout the whole of the experimental period. There was no marked suppression of S. faecium by the inclusion of phage, although the counts in the cecum were consistently lower when the phage was present. The counts of phage in gnotobiotic birds followed the counts of the host bacterium in the early stages and then declined as the S. faecium became resistant.
In the birds colonized with S. faecium and phage, the S. faecium rapidly became resistant to phage infection; after 5 days, 7 of 10 isolates were resistant and, by 14 days, 9 of 10 were resistant. In the absence of phage, all 10 isolates of S. faecium remained sensitive. The collection of 12 SY1 phage-resistant S. faecium yielded no plaques when filtrates were plated on SY1, nor did exposure to ultraviolet light induce lysis in these strains. One of the sensitive strains (2CT1) showed induced lysis, but having originated from an SY1 phage-sensitive strain, there was no plaque formation when plated on SYL.
As well as being present in our own flock, S. indicates that some bacterial cells are escaping infection with the phage.
The fact that the population changes of S. faecium seen in conventional chicks were not reproduced in gnotobiotic chicks suggests that the two peaks in the cecal flora were due to strain selection rather than mutation or that some agent other than phage was operating. on October 28, 2017 by guest http://aem.asm.org/ Downloaded from that S. faecium phage can be produced in this way by gut isolates. The fact that the resistant strains showed no evidence of lysogeny suggests that they were resistant mutants. However, failure to detect SY1 phage may be due to the conditions used for induction being unsuitable. Harrison and Coates (10) described the synergistic depressing effect of chicken droppings filtrate and S. faecalis on the growth of gnotobiotic chicks. Therefore, the possibility that S. faecium and its phage might interact in such a way as to increase the growth-depressing ability of S. faecium was next considered. When the effect on growth of gnotobiotic chickens was examined, there was no indication of an additional depressing effect when SY1 phage was introduced as well as S. faecium SYL. On the contrary, there was a tendency for the phage to reverse the growth depression produced by S. faecium SY1, but it seems unlikely to be of general application because, in the small survey we did, SY1 phage type of S. faecium was not present in all flocks. Moreover, the rapid development of resistance to phage suggests that, unless some phage-induced genetic change toward non-growth-depressing characteristics was associated with the development of resistance, then the beneficial effect would be of short duration.
